We have investigated the photodissociation spectroscopy of the Mg ϩ -acetaldehyde bimolecular complex over the spectral range 220-400 nm. We find evidence for four distinct absorption bands in the near ultraviolet that correlate with Mg ϩ -based and acetaldehyde-based transitions. Our results suggest that the Mg ϩ -centered 3p(AЉ)←3s(AЈ) and acetaldehyde-centered *(AЉ)←n(AЈ) transitions are mixed, and result in significant vibrational excitation in the complex leading to broad and unresolved absorption bands. In contrast, the predominantly Mg ϩ -based excitation bands, assigned as 3p(AЈ)←3s(AЈ) and 3p(AЈ)←3s(AЈ), each show prominent vibrational progressions identified with intermolecular wagging modes of the complex. These intermolecular wag progressions are short and anharmonic indicating low barriers to isomerization. In the 3 p(AЈ)←3s(AЈ) band several higher frequency vibrational modes are also active and have been assigned to the Mg-OCHCH 3 intermolecular stretch, a CCO deformation mode, and the C-O stretch.
I. INTRODUCTION
The photodissociation spectroscopy of a weakly bound bimolecular complex can provide important information about the intermolecular interactions, including quantitative information about the complex structure and bonding, and unique insight into the molecular dynamics for both reactive and nonreactive dissociation pathways. 1 We have focused much of our effort on metal ion-hydrocarbon interactions, investigating the spectroscopy and chemical dynamics of a series of weakly bound bimolecular complexes of light metal ions with small alkanes and alkenes. [1] [2] [3] [4] [5] [6] Here we report on an extension of these methods to investigate the more strongly bound metal-acetaldehyde complex Mg ϩ ͑CH 3 CHO͒.
Ab initio calculations of Mg
ϩ -acetaldehyde show the metal ion is moderately strongly bound in a near end-on O-bonded Mg ϩ -OCHCH 3 C s geometry, with a binding energy intermediate between a typical weak ion-multipole electrostatic bond and a strong covalent bond. 7 Probing the electronic structure can provide a useful test of the ab initio predictions, and insight into metal-carbonyl interactions. In addition, the photodissociation of Mg ϩ -acetaldehyde bimolecular complexes allows us to investigate the metalaldehyde chemical dynamics under ''half-collision'' conditions. 8 We have studied the spectroscopy of Mg ϩ -acetaldehyde over the spectral range 220-400 nm. We find four distinct absorption bands correlating to Mg ϩ -centered (3p←3s) and acetaldehyde-centered (*←n) radiative transitions in the complex. Our spectroscopic results suggest that the Mg ϩ -centered 3p(AЉ)←3s(AЈ) and acetaldehydecentered *(AЉ)←n(AЈ) transitions are mixed, resulting in substantial vibrational excitation in the complex and leading to broad unresolved absorption bands. In contrast, the predominantly Mg ϩ -centered excitation bands, assigned as 3 p(AЈ)←3s(AЈ) and 3p(AЈ)←3s(AЈ), each show prominent vibrational progressions identified with intermolecular wagging modes of the complex. These intermolecular wag progressions are short and anharmonic indicating low barriers to isomerization. In the 3p(AЈ)←3s(AЈ) band several higher frequency vibrational modes are also active and have been assigned to the Mg-OCHCH 3 intermolecular stretch, a CCO deformation mode, and the C-O stretch. These results suggest a strong metal-aldehyde chemical interaction in the Mg ϩ (3p) state. Nonreactive dissociation to the bare metal ion, Mg ϩ , is the dominant photolysis channel throughout the near ultraviolet ͑UV͒. However, in the 3p(AЈ)←3s(AЈ) band, we also observe a weak branching to photochemical products including MgH ϩ , MgCHO ϩ , and MgCH 3 ϩ . The photochemical reaction channels are discussed in a separate publication. 8 
II. ELECTRONIC STRUCTURE CALCULATIONS
Ab initio calculations on the GAUSSIAN 94 platform show Mg ϩ -acetaldehyde to be moderately strongly bound in an equilibrium M ϩ -OCHCH 3 C s structure with a near linear M-O-C bond (bond angleϭ172°). The equilibrium metaloxide bond dissociation energy is D e Љ(Mg-OCHCH 3 ) ϭ1.55 eV by the QCISD͑T͒//HF/6-311ϩϩG(2d,2p) method, and the M ϩ -O equilibrium bond distance is R Mg-O ϭ1.96 Å. The acetaldehyde moiety is relatively undistorted, with a planar OCCH structure and a C-O bond length of R CO ϭ1.21 Å. These results for the ground state structure and binding are in good agreement with earlier calculations by Partridge and Bauschlicher who find a similar geometry and a corresponding binding energy of 1.68 eV. 7 The excited state structure is complicated, with a large number of active orbitals and interacting electronic states. Radiative transitions to low-lying excited states with metalcentered p←s, aldehyde-centered *←n, and aldehydemetal charge-transfer character may all be possible. To help clarify the spectral assignment we have carried out a configuration interaction with single excitations calculation (CIS//6-31ϩϩG(d, p)) for the low-lying excited states. The results show that the metal-based transitions correlating with Mg ϩ (3p←3s), excitation should be much stronger and dominate the absorption spectrum. Electrostatic arguments suggest that the Mg ϩ -based 3p excited states will be more attractive than the 3s ground state since the electron density along the intermolecular axis is reduced, leading to an increase in the strength of the ion-dipole attraction. On the other hand, the 3p state should be less strongly bound than the ground state owing to the increase in repulsion along the Mg-O bond axis. These qualitative arguments are supported by the ab initio calculations that find three strong Mg ϩ -based absorption bands. Two of the bands ͓3p(AЉ) and 3p(AЈ)←3s(AЈ)͔ are redshifted from the bare Mg ϩ atomic resonance line, with predicted vertical excitation energies of 3.45 eV (ϭ359 nm) and 3.60 eV (ϭ344 nm), respectively. The 3p(AЈ)←3s(AЈ) band is blueshifted with a predicted vertical excitation energy of 5.12 eV ( ϭ242 nm).
Note that weaker acetaldehyde-based (*←n) excitation band is also expected in the same spectral range. 9 Unfortunately, the CIS method is not very reliable for this excited state that involves a change in bond order and where configuration mixing and correlation effects may be especially important. Theoretical asymptotic energies for the acetaldehyde excited state asymptotes are found to be in error by more than 1 eV at the CIS level. ͓This can be compared to an error of ϳ0.1 eV for the Mg ϩ (3p) excited state asymptote͔. Multi configuration self-consistent field calculations are difficult owing to the lack of symmetry, the large number of active orbitals in the space, and large number of interacting excited states leading to convergence problems. As a result, we must rely in part on qualitative considerations to assign these bands.
The acetaldehyde-based excited state arises from an *←n transition ͑from a nonbonding O-centered orbital to the * antibonding orbital based in the CO bond͒. Molecular orbital considerations suggest the electrostatic interactions for these ground and excited states of the complex will not be markedly different. ͑Electrostatic interactions involving the Mg ϩ 3s orbital and the acetaldehyde n-and * orbitals are expected to be roughly similar.͒ As a result we anticipate that the acetaldehyde-centered absorption band in the complex should be relatively unshifted from its position in the isolated molecule. The corresponding Ã 1 AЉ←X 1 AЈ spectral band in bare acetaldehyde has an origin near 336 nm and a complicated and dense absorption spectrum that has not been fully assigned. 9 Of course, these orbital characterizations, although pedagogically useful, are not rigorous. All of the excited states of the complex are of either AЉ or AЈ character ͑in C s symmetry͒ and may involve some admixture of metal-excited, acetaldehyde-excited, and charge-transfer state character. In particular, we expect the two lowest excited states of AЉ character that arise from the Mg ϩ Ϫ3 p(AЉ) and CH 3 CHO-*(AЉ) orbital configurations will be mixed in the complex. This coupling can lead to significant spectral band shifts and an enhancement of the nominally weak acetaldehyde-based absorption band ͑vide infra͒.
III. EXPERIMENTAL ARRANGEMENT
The experimental apparatus and the application to massselected cluster photodissociation spectroscopy measurements have been previously described. 1 Mg ϩ ͑CH 3 CHO͒ complexes were produced in the supersonic molecular beam expansion from a laser vaporization source. A 5% mix of acetaldehyde in Ar carrier gas was used at a backing pressure of 40 psi in the pulsed gas valve. The second harmonic of a pulsed Nd:YAG laser was focused onto the metal rod surface and timed to overlap the seeded gas pulse. The vaporization laser energy and relative timing were adjusted to achieve a strong stable M ϩ ͑CH 3 CHO͒ parent cluster signal. Downstream from the source and molecular beam skimmer, ion clusters were pulse extracted and accelerated into the flight tube of an angular reflectron time-of-flight mass spectrometer. A pulsed mass gate was used to select the M ϩ ͑CH 3 CHO͒ parent cluster. The parent cluster was focused into the reflectron of the time-of-flight apparatus. Two probe lasers were used in these studies. For most of the 420-220 nm spectral range covered in this work we used a Nd:YAG pumped tunable OPO ͑Spectra Physics PRO-250/MOPO-SL͒ with a spectral bandwidth of Ͻ0.15 cm Ϫ1 . To reach the spectral range near the degeneracy point of the OPO ͑340-370 nm͒ we relied on a pulsed dye laser ͑Spectra Physics PDL2͒ with a spectral bandwidth Ͻ0.25 cm
Ϫ1
. The unfocused probe laser beams were directed into the turning point region of the reflectron and time delayed to excite the target parent cluster.
Parents and daughter fragment ions were reaccelerated to an off-axis microchannel plate detector in a typical tandem time-of-flight arrangement. A digital oscilloscope, multichannel scaler, and gated integrator were used to monitor the mass spectrum, and were interfaced to a laboratory personal computer to record the spectrum for further data analysis.
IV. RESULTS AND DISCUSSION

A. Electronic band assignment
The near UV photodissociation absorption spectrum for Mg ϩ -acetaldehyde shows at least four distinct absorption bands, three redshifted and one blueshifted, from the Mg ϩ (3s→3 p) resonance at 280 nm ͑Fig. 1͒. Two of the bands ͑one red-and one blueshifted͒ exhibit pronounced vibrational structure. The other two redshifted bands appear as weaker continuum bands.
We assign the highly structured redshifted band centered near 345 nm as 2AЈ←1AЈ, a Mg ϩ -based 3p←3s transition with the metal p orbital lying in the plane of symmetry, roughly perpendicular to the Mg-O-C bond axis. The observed band position is in excellent agreement with the CIS model prediction of 344 nm for this transition. This band shows at least two prominent vibrational progressions.
The blueshifted band centered near 247 nm also shows pronounced vibrational resonance structure ͑including activity in both low frequency intermolecular and high frequency intramolecular vibrational modes͒ and is assigned as 3AЈ ←1AЈ, correlating to the Mg ϩ -based 3p←3s transition.
This band position is also in very good agreement with the CIS predicted vertical excitation wavelength of 242 nm.
We assign the weaker redshifted continuum bands centered near 385 and 310 nm as 1AЉ and 2AЉ←1AЈ, respectively. The lower energy band is predominantly 3p(AЉ) ←3s(AЈ) correlating to a Mg ϩ -based transition with the metal p orbital lying perpendicular to the symmetry plane. The higher energy band peaked near 310 nm correlates predominantly to the acetaldehyde centered *(AЉ)←n(AЈ) transition. However, our results suggest that the bands are probably mixed in character ͑vide infra͒. Consistent with this the bands are shifted appreciably from the expected positions at 359 and ϳ336 nm, respectively, owing to repulsion between the interacting AЉ states.
Mg ϩ is the dominant photolysis product and is the only product observed in the redshifted bands. In the blueshifted 3 p(AЈ)←3s(AЈ) band we also observe a weak branching ͑ϳ10%͒ to reactive products including MgH ϩ , MgCH 3 ϩ , and MgCHO ϩ . These photochemical processes are discussed in a separate publication. 8 While there are many stable isomers of 24 
Mg
ϩ ͑C 2 H 4 O͒ at mass 68 amu, our spectroscopic results favor assignment of the absorbing species as Mg ϩ -acetaldehyde. This assignment is based on several factors. The observed mass spectrometric signal for this complex is one of the strongest found in our lab, consistent with a strongly bonded parent cluster. The source mass spectrum is clean, showing prominent peaks only for isotopes of the clusters of Mg ϩ ͑Ar͒ and Mg ϩ ͑C 2 H 4 O͒ n . We do not observe any other signals that might result from breakup of the hydrocarbon or prereaction in the source at a level of Ͻ1% of the strong 24 Mg ϩ ͑C 2 H 4 O͒ parent signal at mass 68.
The absorption spectrum is consistent with the expected Mg ϩ -based radiative transitions. Mg ϩ is the dominant dissociation product observed in our experiment with a yield between ϳ90% and 100% ͑depending on wavelength͒. These observations rule out any species that involves Mg inserting into any of the hydrocarbon bonds, and prove that the dominant isomer must be a reasonably strongly bound form of B. Vibrational assignments
The 1A and 2A]1AЈ continuum bands
Because the unstructured 1AЉ and 2AЉ←1AЈ continuum bands are expected to be of partially mixed metalcentered and ligand-centered character they are discussed together. The lower energy 1AЉ←1AЈ band correlates predominantly to the Mg ϩ -based 3p(AЉ)←3s(AЈ) transition. Since this is a strong metal-centered transition, the relative weakness of this band and apparent lack of any resolvable vibrational structure are somewhat surprising. CIS calculations of the 1AЉ state equilibrium geometry show a pronounced shortening of the Mg-O bond on excitation ͑from 1.96 to 1.87 Å͒. This suggests that the intermolecular stretch mode should be active. In addition, the Mg ϩ 3p z orbital can overlap the acetaldehyde * lowest unoccupied molecular orbital in this symmetry, allowing for the efficient transfer of electron density into the carbonyl antibonding orbital. Electron density can also be transferred from the oxygen lone pair nonbonding orbital into the empty Mg ϩ s shell. ͑This process corresponds to the ''half-collision'' analog of E -E energy transfer.͒ 8 This allows for a weakening of the C-O bond and a strengthening of the Mg-O bond. Equivalently, in the bimolecular complex, the metal-centered 3p z ←3s transition is expected to mix with the nearby acetaldehyde-based *←n transition of the same symmetry. This transition in bare acetaldehyde is known to lead to a complicated and dense vibrational spectrum that is not completely assigned, but includes substantial excitation of the methyl torsion, C-H wag, CCO deformation, and CO stretch modes. 9 The lack of observed structure in the 1AЉ←1AЈ continuum band of Mg ϩ -acetaldehyde probably results from fast IVR and a complicated and unresolved vibrational spectrum in a distorted excited state complex.
Distortion of the excited complex and fast IVR may also explain the relative weakness of the 1AЉ←1AЈ band in photodissociation. In this band the photon energy is h ϳ3.22 eV and dissociation can only occur on the ground electronic state surface. However, direct coupling to the ground state is forbidden by symmetry and distortion of the complex out of C s symmetry is required. There are large number of accessible low frequency vibrational modes in the complex ͑with seven normal mode frequencies below ϳ1000 cm
Ϫ1
͒. Therefore, we may expect IVR to be fast and the average energy found in the Mg ϩ -acetaldehyde stretch, the mode that couples to the dissociation coordinate, is likely to be small relative to the Mg ϩ -acetaldehyde bond energy of 1.68 eV. 7 The 2AЉ←1AЈ band is of predominantly *←n character and correlates with the Ã 1 AЉ←X 1 AЈ spectral band in bare acetaldehyde. 9 This band is expected to be much weaker than the metal-centered transitions. It gains strength here by mixing with the Mg ϩ -based 3p←3 p transition of the same symmetry. This band should also show complex and largely unresolved vibrational structure due to distortion of the complex and fast IVR. In this regard it is interesting that the 2AЉ←1AЈ band of Fig. 1 does show a clear subsidiary maximum lying at 34 000 cm Ϫ1 , ϳ1700 cm Ϫ1 higher than the main peak of this band at 32 300 cm Ϫ1 . This value is close to the CvO stretch frequency of 1743 cm Ϫ1 found in isolated acetaldehyde, and this second maximum may be plausibly assigned to excitation of a single quantum of the C-O stretch in the 2AЉ state.
The 2AЈ]1AЈ band
An expanded view of the 2AЈ←1AЈ band is shown in Fig. 2 . There is an obvious six-membered progression with a frequency e ϳ150 cm Ϫ1 built on the apparent origin at 28 827 cm
Ϫ1
. The Franck-Condon envelope is falling toward the red and it is not obvious that this is the true origin band.
To help clarify the vibrational mode assignment we have carried out additional spectroscopic studies of the isotopomers 26 Mg ϩ ͑OCHCH 3 ͒, and 24 Mg ϩ ͑OCDCH 3 ͒. Results are shown in Table I . The first observed peak in each case is essentially unshifted within our experimental uncertainty, suggesting that the first resonance at 28 827 cm Ϫ1 is close to the true origin and we tentatively assign it as the 0 0 0 origin band. The low energy mode shows a large anharmonicity and the progression approaches an abrupt end near ϳ29 600 cm
. Birge-Sponer analysis ͑Fig. 3͒ gives the fundamental mode frequency e ϭ148Ϯ2 cm Ϫ1 , and anharmonicity parameters e x e ϭ2Ϯ2 cm Ϫ1 and e y e ϭϪ0.65Ϯ0.09 cm Ϫ1 . The line is a quadratic fit to the data and gives the spectroscopic constants: e ϭ148 cm Ϫ1 , e x e ϭ2 cm
, and e y e ϭϪ0.65 cm
. This vibrational structure is quite unusual. In the spectroscopy of metal ion-molecule complexes, we typically find a prominent, long, harmonic progression in the intermolecular stretch with a mode frequency of a few hundred wave numbers. For example, for Mg ϩ ͑CO 2 ͒, Mg ϩ ͑H 2 O͒, and Mg ϩ ͑OHCH 3 ͒ Duncan reports intermolecular stretch progressions with mode frequencies of 359, 505, and ϳ550 cm Ϫ1 , respectively. 10, 11 Similarly, the predicted CIS value for the Mg ϩ -OCHCH 3 intermolecular stretch from our ab initio calculations is 394 cm Ϫ1 for the 2AЈ state. The frequency of the main progression in Fig. 2 is much too low to be associated with the Mg ϩ -O stretch. Furthermore, the progression is very anharmonic and the apparent dissociation limit near ϳ29 600 cm Ϫ1 is too low in energy to be any of the expected excited state asymptotes for the Mg ϩ product. Thus, the apparent dissociation limit must correspond to a barrier to some internal motion or isomerization. The BirgeSponer extrapolation gives the barrier height as ϳ900 cm Ϫ1 above the 2AЈ state minimum.
There are three likely candidates for this low frequency motion: CH 3 torsion, or one of the two intermolecular wagging motions ͑in-plane or out-of-plane͒. In isolated acetaldehyde the methyl torsion mode has a fundamental frequency of ϳ150 cm
, and shows a barrier of ϳ650 cm Ϫ1 to free rotation. These values are in plausible agreement with the low frequency mode observed here ( e ϭ148 cm Ϫ1 ͒ and a barrier of ϳ900 cm Ϫ1 . However, it seems unlikely that a metal-centered excitation in one end of the complex should excite ͑almost exclusively͒ a torsional motion in the other end of the complex. Furthermore, our isotope substitution studies ͑
24
Mg→
26
Mg and aldehydic H→D͒ show isotope shifts in the progression ͑Table I͒ that are larger than expected for the methyl torsion mode, but in reasonable agreement with expectations for the in-plane-intermolecular wagging motion. The observed isotope shift for this progression under aldehyde H-D substitution is 1.6Ϯ0.4 cm Ϫ1 . This can be compared with our CIS/6-311ϩϩG(d, p) model predictions for the corresponding shift in the methyl torsion and in-plane wag modes for 2AЈ of 0.4 and 2.2 cm Ϫ1 , respectively.
CIS calculations of the 2AЈ state equilibrium geometry show only a very slight contraction in the Mg-O bond ͑from 1.96 to 1.93 Å͒, but a dramatic change in the Mg-O-C in-plane bending angle ͑from 172°to 144°toward the aldehydic H atom͒, and little other change in geometry. Based on these CIS results we assign the prominent low frequency mode to the 2 -intermolecular (aЈ) in-plane wag. The CIS predicted frequency for this mode in 2AЈ is 134 cm Ϫ1 , in very good agreement with the measured value, 2 ϭ148 cm
Ϫ1
. The expected isotope shifts are also in good agreement with this assignment for both 24 
Mg→
26 Mg and aldehydic H→D substitutions. We assume that the apparent barrier of ϳ900 cm Ϫ1 is associated with isomerization, perhaps involving aldehydic H-atom transfer in a bent Mg-O-CHCH 3 complex, although this is purely speculative.
There is a second vibrational progression in the low frequency mode built on an origin at 29 211 cm Ϫ1 ϭ0 0 0 ϩ384 cm
Ϫ1
. This second progression is also six-membered with an apparent end near 30 000 cm Ϫ1 . It seems likely that this corresponds to excitation of one quantum of the intermolecular stretch (v 4 ) in the complex. As noted, the predicted change in the Mg-O bond length on 3p(AЈ) ←3s(AЈ) excitation is quite small, consistent with the weak excitation of this mode in the spectrum. The measured value, 4 ϭ384 cm Ϫ1 , is in very good agreement with the CIS predicted value of 394 cm Ϫ1 for 2AЈ. Furthermore, the isotope shifts are also in reasonable agreement with expectations, giving additional support to the assignment. The major peaks in Fig. 2 are all then assigned to one of these two progressions.
The experimental observations of strong activity in the intermolecular wagging mode but only weak activity in the intermolecular stretch are consistent with the expected geometry change on excitation to the 3p(AЈ) state. The excellent agreement between experimental and theoretical intermolecular vibrational frequencies supports the proposed O-bonded Mg ϩ -OCHCH 3 equilibrium structure.
The 3AЈ]1AЈ band
The vibrational structure of the 3AЈ←1AЈ band is also unusual ͑Fig. 4͒. The resonances are broad, suggesting a large homogeneous linewidth and short decay lifetime. The first strong resonance appears as an obvious band origin at 0 0 0 ϭ40 154 cm
Ϫ1
. There is a short but prominent low frequency progression built on this origin with a mode spacing of ϳ 75 cm Ϫ1 . This is probably one of the intermolecular wagging modes of the complex. Again we find that the wag progression is very short and anharmonic. The fundamental frequency for the wag mode in the 3AЈ state is 2 ϭ78 cm Ϫ1 . This short low frequency progression is repeated several times, on higher energy modes with origins at 40 496 cm value of 1743 cm Ϫ1 in isolated acetaldehyde͒. All of the major peaks in Fig. 4 can then be assigned to combinations of these modes. The strong activity in the high-energy acetaldehyde vibrations is surprising. Absorption in this band also leads to chemically reactive quenching channels; both of these effects point to unexpectedly strong chemical interactions in the 3p(AЈ) excited state. These photochemical reaction processes are discussed in more detail elsewhere.
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V. CONCLUSION
We have investigated the photodissociation spectroscopy of the Mg ϩ -acetaldehyde bimolecular complex over the spectral range 220 -400 nm. We find evidence for four distinct absorption bands in the near UV that correlate with Mg ϩ -based (3p←3s) and acetaldehyde-based (*←n) transitions. Two of the bands, assigned as ͑1AЉ and 2AЉ ←1AЈ͒ are redshifted and appear as unstructured continuum bands. Our results suggest that these bands are of mixed Mg ϩ -centered 3p(AЉ)←3s(AЈ) and acetaldehydecentered *(AЉ)←n(AЈ) character. The excited state complex is expected to be significantly distorted, leading to complex and unresolved vibrational structure in these absorption bands.
In contrast, the redshifted 2AЈ←1AЈ band correlated with the Mg ϩ -based 3p(AЈ)←3s(AЈ) transition, shows two prominent vibrational progressions associated with the in-plane intermolecular wagging motion. The wag frequency is found to be 2 ϭ148 cm Ϫ1 . One of the wag progressions is built on a single quantum of intermolecular stretch with a mode frequency of 4 ϭ384 cm Ϫ1 . The observed spectroscopic constants are in very good agreement with CIS model predictions for the 2AЈ state. The experimental observations of strong activity in the in-plane-intermolecular wagging mode but only weak activity in the intermolecular stretch are consistent with the expected geometry change on excitation to the 3p(AЈ) state. The good agreement between experimental and theoretical intermolecular vibrational frequencies supports the proposed O-bonded Mg ϩ -OCHCH 3 equilibrium structure.
The blueshifted 3AЈ←1AЈ band correlated with the Mg ϩ -based 3p(AЈ)←3s(AЈ) transition, also shows pronounced vibrational structure including activation of both low frequency intermolecular modes and high frequency intermolecular vibrational modes ͑including a CCO deformation and the C-O stretch͒. The excitation of high-energy acetaldehyde vibrational modes is surprising. Absorption in this band also leads to photochemical quenching channels; both of these effects point to unexpectedly strong chemical interactions in the 3p(AЈ) excited state. These photochemical reaction processes are discussed in more detail in a separate publication. 8 
